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© Phase-locked loop synthesizer for use in TDM communications system. 



® An analog switch is provided in a phase-locked 
loop (PLL) synthesizer using direct digital synthe- 
sizer (DDS) circuitry, for opening a PLL. The PLL is 
closed to make operative the DDS circuitry and a 



fixed frequency divider within an idle time slot of 
each time-division multiplexing (TDM) frame. For the 
rest of the frame, the voltage-controlled oscillator 
within the PLL is held in a "hold state". 
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This invention relates to a phase-locked loop 
synthesizer for generating a carrier wave suitable 
for a radio communications unit utilizing time-di- 
vision multiplexing (TDM) in which at least a data 
transmission time slot and an idle time slot are 
multiplexed in one TDM frame. 

In a radio communications system utilizing fre- 
quency multiplexing and time division multiplexing 
such as a cellular telephone system, one commu- 
nication channel is assigned to one portable tele- 
phone, or terminal, so that the transmission and 
reception of data between the terminal and a base 
station are effected over this communication chan- 
nel on a time division basis. Since such a radio 
communications system uses a large number of 
different frequencies, a phase-locked loop (PLL) 
synthesizer is used in each terminal as a carrier 
wave generator to make the terminal tune to an 
assigned channel, or frequency. 

A frequency band assigned to communications 
channels is comparatively narrow in frequency. In 
order to efficiently generate a carrier wave having a 
desired frequency band and to perform fact fre- 
quency switching, a direct digital synthesizer (DOS) 
circuit is utilized to generate a reference frequency 
signal in the PLL synthesizer. Reference is made to 
U.S. Pat No. 4,965,533 issued to R.P. Gilmore on 
October 23, 1990. 

The DDS circuit retrieves waveform data pre- 
liminarily stored in a ROM (read-only memory) in 
each sampling period corresponding to a specified 
output frequency, generates a digital signal which 
conforms an output signal of the given output fre- 
quency, and then transforms the digital signal into 
a desired analog signal to form a reference fre- 
quency signal. Hence, the reference frequency sig- 
nal inherently involves a waveform distortion due to 
quantization errors, which distortion will results in 
spurious signals and degradation in the carrier-to- 
noise (C/N) ratio of the output signal of a utilizing 
device such as a transmitter. 

Further, since circuit elements such as a 
digital-to-analog (D/A) converter contained in the 
DDS circuit must have high speed operability, the 
synthesizer consumes undesirably great power. 

SUMMARY OF THE INVENTION 

An object of the invention is, therefore, to over- 
come the above-mentioned drawbacks inherent in 
the prior art system. In particular, a primary object 
of the invention is to provide a phase-locked loop 
synthesizer, which is operable at low power. 

Another object of the invention is to provide 
circuitry for suppressing adverse effects of quan- 
tization errors on a reference frequency signal pro- 
vided by a direct digital synthesizer circuit. 

To attain these objects, there is provided a PLL 



synthesizer for generating a carrier wave for use 
with a wireless communication unit utilizing time- 
division multiplexing of at least a data transmission 
time slot and an idle time slot in each data transfer 

5 frame, comprising: direct digital synthesizer (DDS) 
circuitry for generating a reference frequency sig- 
nal; a fixed frequency divider for dividing the fre- 
quency of the synthesizer output signal of the PLL 
synthesizer by a predetermined frequency division 

70 ratio; a phase comparator for comparing the 
phases of the reference frequency signal and the 
output signal of the fixed frequency divider; a loop 
filter circuit for smoothing the output signal of the 
phase comparator; an analog switch provided be- 

75 tween the phase comparator and the loop filter 
circuit; and a voltage-controlled oscillator (VCO) for 
varying the frequency of the synthesizer output 
signal in response to the output signal of the loop 
filter circuit, the analog switch being held in an ON 

20 state during a predetermined period of time in the 
idle time slot and the DDS circuitry and the fixed 
frequency divider being enabled during the pre- 
determined period of time. • 

With this construction, the DDS circuitry and 

25 fixed frequency divider may be operated only dur- 
ing the predetermined period described above in 
the data transmission frame and not operated dur- 
ing the rest of the frame. Thus, it is possible to 
reduce power consumption. In addition, since the 

30 voltage of the output signal of the loop filter is held 
at a specified level over the period of data transfer 
time slot, the output frequency signal provided 
from the VCO is not affected by waveform distor- 
tion contained in the reference frequency signal 

35 provided from the DDS circuitry. Thus, it is possi- 
ble to suppress degradation in the C/N ratio and 
generation of spurious signals in, for example, the 
output of a transmitter. 

Further, a phase-locked loop (PLL) formed dur- 

40 ing the ON state of the analog switch and con- 
stituted of the DDS circuitry, fixed frequency di- 
vider, phase comparator, loop filter circuit, analog 
switch and VCO, preferably completes pulling (or 
locking) of the synthesizer output signal of the VCO 

45 to an expected value within the predetermined pe- 
riod of time. 

In this manner the frequency of the output 
signal provided by the PLL becomes the expected 
frequency in the next data transfer slot, enabling 
so proper transfer of data. 

The analog switch preferably has a large out- 
put impedance when it is in an OFF state. This 
may suppress fluctuations in the frequency of the 
output signal of the VCO while the PLL is left open, 
55 thereby maintaining proper oscillatory state of the 
PLL synthesizer. 

The VCO preferably has a large input imped- 
ance. This may also suppress the frequency fluc- 
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tuations in the signal output from the VCO, thereby 
further stabilizing th oscillatory state of the syn- 
thesizer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a phase-locked- 
loop synthesizer embodying the invention. 

Figure 2 is a block diagram showing an exam- 
ple of direct digital synthesizer circuitry. 

Figure 3 is a timing chart, provided to explain 
the operation of the synthesizer shown in Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the invention will now be 
described with reference to the drawings. 

Referring now to Figure 1, a control operation 
signal CS, which is furnished by a control unit (not 
shown), is applied to a control signal input of direct 
digital synthesizer (DDS) circuitry 1 , a reset input R 
of a fixed frequency divider 2 which is reset by 
negative logic, and to a control signal input of an 
analog switch 3. This application of the signal CS 
allows a phase-locked loop to be established within 
an idle time slot in each TDMA frame. 

The DDS circuitry 1 may generate a reference 
frequency signal FR having a reference frequency 
specified by a frequency designation signal CF 
supplied from a higher rank controller when the 
control operation signal CS is at a high (H) logic 
level. The reference frequency signal FR is applied 
to a reference signal input terminal of a phase 
comparator 4. 

When the level of control operation signal CS 
is high (H), the fixed frequency divider 2 becomes 
operable since the reset input R is then high, so 
that the fixed frequency divider 2 divides the fre- 
quency of the output signal FO of the PLL syn- 
thesizer by a predetermined frequency division ra- 
tio. The resultant output signal is applied as a 
feedback frequency divided signal FF to a compari- 
son signal input of the phase comparator 4. The 
phase comparator 4 compares the phases of the 
reference frequency signal FR and feedback fre- 
quency divided signal FF to generate a phase error 
signal PE having a pulse duration corresponding to 
the result of the comparison. The phase error sig- 
nal PE is supplied to the analog switch 3. 

The analog switch 3 outputs an input phase 
error signal PE to a loop filter 5 when the level of 
control operation signal CS is high (H). The loop 
filter 5 generates a frequency control signal FC 
having a voltage corresponding to the pulse width 
of the phase error signal PE from the analog switch 
3. The frequency control signal FC is supplied to a 
voltage-controlled oscillator (VCO) 6. 



The VCO 6 generates a signal having a fre- 
quency corresponding to the voltage of the input 
frequency control signal FC. The signal thus gen- 
erated is output as an output signal FO to an 

5 external device, part of which signal is available as 
a feedback signal to the fixed frequency divider 2. 

As an illustration, when the frequencies of the 
reference frequency signal FR and output signal 
FO are 1 and 900 MHz, respectively, the frequency 

w division ratio of the fixed frequency divider 2 is 
1/900. 

Figure 2 shows an example of the DDS cir- 
cuitry 1 . In Fig. 2, a register 1 1 stores a frequency 
designation signal CF, which is supplied to one of 
75 the input terminals of an adder 12. A latch 13 
receives the output data of the adder 12 at the 
rising edge of a system clock signal CK furnished 
by a clock generator (not shown). The output data 
RW of the latch 13 is supplied to the other input 
20 terminal of the adder 12 and also to an address 
input terminal of a waveform memory 1 4. The reset 
terminal R of latch 13 is provided with the control 
operation signal CS. 

The waveform memory 14 may be a non- 
25 volatile semiconductor memory such as a ROM, for 
storing digital waveform signals formed by sam- 
pling in specified bits at predetermined sampling 
intervals a sinusoidal signal having a predeter- 
mined amplitude. The outputs of the memory are 
30 waveform data WD which correspond to data RW 
input to its address input terminal. 

A digital-to-analog (D/A) converter 15 converts 
the waveform data WD into a corresponding analog 
signal, and supplies the resultant analog signal as 
35 an analog waveform signal WA to a smoothing filter 
16. The smoothing filter 16 smoothes the analog 
signal WA to produce a reference frequency signal 
FR. 

The frequency of the system clock signal CK is 

40 preferably about 20 MHz. 

In the above example, the latch 13 is operable 
during those periods when the level of control 
operation signal CS is high. Consequently, the DDS 
circuitry 1 is also operative over the periods, as 

45 described further in detail below. 

At the beginning of such a period as mentioned 
above, data latched in the latch 13 is "O", so that 
this "0" is supplied to one of the input terminals of 
the adder 12 at this moment. Therefore, waveform 

so data WD output from the waveform memory 14 is 
the waveform data associated with this address 
n (T. This data WD is supplied to the D/A converter 
15. Thus, the smoothing filter 16 receives an ana- 
log signal WA having a waveform associated with 

55 the phase "0". 

The adder 12 executes addition quicker than 
the cycle period of the system clock signal CK to 
thereby output data identical with data CF stored in 
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the register 11. The output data of the adder 12 is 
then latched in the latch 13 with the same timing 
as the system clock signal CK. The latch 13 thus 
outputs the value of the data CF stored in the 
register 11, to the other input terminal of the adder 
12. At the same time, the waveform data WD 
stored at address "CF n of the waveform memory 
14 is retrieved therefrom and supplied to the D/A 
converter 15. Thus, the smoothing filter 16 is pro- 
vided with an analog signal WA having a waveform 
corresponding to the phase "CF". 

In this manner the operations of the adder 12 
are repeated, increasing the data stored in the latch 
13 by the magnitude of the data CF every time a 
system clock signal CF is provided. Thus, the 
waveform memory 14 provides waveform data WD 
corresponding to the address "CF" associated with 
the time as specified by the system clock CK. The 
smoothing filter 16 receives an analog waveform 
signal WA corresponding to the data WD. 

In this way, the waveform analog signal WA 
input to the smoothing filter 16 is an analog signal 
which varies in frequency in accordance with the 
data CF stored in the register 11. As a result, a 
reference frequency signal FR associated with data 
CF may be output from the smoothing circuit 16. 

It should be noted that when data in the adder 
12 overflows, the adder is reset and repeats the 
operation with value "0". 

In the configuration mentioned above with the 
PLL-DDS circuitry used in a time division multiplex- 
ing radio communications system in which a period 
cycle or a TDM frame FLM of data transfer consist- 
ing of a transmission time slot TX for data trans- 
mission, a reception time slot RX for data recep- 
tion, and an idle time slot I for pausing operation as 
shown in Figure 3(a), the control operation signal 
CS is raised to the H logic level at a time within the 
idle time slot I by a higher rank controller, as 
shown in Fig. 3(b), in which PW represents the 
period of the H logic. 

The DDS circuitry 1 and the fixed frequency 
divider 2 are enabled by the high level control 
operation signal, and the analog switch 3 is turned 
on, thereby closing the PLL within the DDS cir- 
cuitry. 

Accordingly, the direct digital synthesizer cir- 
cuitry 1 provides a reference frequency signal FR 
having a frequency designated by the frequency 
designation signal CF, and the phase comparator 4 
provides a phase error signal PE (Figure 3(c)) 
corresponding to the phase difference between the 
reference frequency signal FR and a feedback fre- 
quency signal FF. Therefore, the frequency of the 
output signal FO of VCO 6 is altered to a value 
corresponding to the phase error signal PE. This 
implies that the output signal FO varies in fre- 
quency in a direction such that the phase error 



approaches 0. 

In operation towards the end of the period PW, 
the phase synthronization loop operates at a fr - 
quency which is substantially the same as the 
5 expected frequency. Accordingly, the frequency of 
the signal FO output from the VCO 6 attains the 
expected magnitude. 

At the end of the period PW when the control 
operation signal CS falls to the logic level L, the 
w analog switch 3 is turned off, rendering the PLL 
opened. The level of the frequency control signal 
FC at the input of VCO 6 is subsequently lowered 
by the discharge through circuit elements between 
the output end of the analog switch 3 and the input 
75 end of VCO 6. Correspondingly, the phase of the 
output frequency signal FO is gradually modified. 

However, by setting as high both the output 
impedance of the analog switch 3 when it is turned 
off and the input impedance of VCO 6 as possible, 
20 it is possible to suppress the reduction of the 
frequency control signal FC, thereby suppressing 
changes in frequency of the output signal FO until 
the PLL is closed again. This may be realized by 
constructing the input portion of VCO 6 by a volt- 
25 age follower circuit using an operational amplifier 
constituted by complementary metal-oxide semi- 
conductor (CMOS) devices. 

In short, power that must be consumed by the 
PLL is greatly saved, since the operation of the 
30 DDS circuitry 1 in the embodiment described 
above is limited only for period PW, which is a part 
of the periodic cycle or data transfer frame FLM. 

In a digital cellular telecommunication system 
required by RCR (Research and Development Cen- 
35 ter for Radio Systems: Japan) STD-27, one TDM 
frame has a duration of 20 milliseconds (ms), an 
idle time slot lasts about 5.7 ms and thus the 
period PW can be about 2 ms. Therefore, the 
battery saving efficiency of DDS circuitry embody- 
40 ing the present invention will be one-tenth that of 
the conventional DDS circuitry which is continu- 
ously powered. 

Further, an output FO having little distortion in 
waveform may be furnished even while the DDS 
45 circuitry 1 is in an OFF state, since then the output 
frequency signal FO is not affected by a quantiza- 
tion error inherently included in the reference fre- 
quency signal FR provided by the DDS circuitry 1 , 
and since the PLL of the DDS circuitry may be 
so held in a "hold state" (least dissipative state) dur- 
ing the OFF periods. 

It should be understood that in obtaining the 
above advantages of the invention the configuration 
of the time slots may be different from the one 
55 illustrated herein. 

Claims 
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1. A phase-locked loop (PLL) synthesizer for gen- 
erating a carri r wave for use with a radio 
communications unit utilizing time division mul- 
tiplexing of at least a data transmission time 

slot and an idle time slot in each data transfer 5 
frame, comprising: 

direct digital synthesizer (DDS) circuitry for 
generating a reference frequency signal; 

a fixed frequency divider for dividing the 
frequency of the synthesizer output signal of 70 
said PLL synthesizer by a predetermined fre- 
quency division ratio; 

a phase comparator for comparing the 
phases of said reference frequency signal and 
the output signal of said fixed frequency di- 15 
vider; 

a loop filter circuit for smoothing the output 
signal of said phase comparator; 

an analog switch provided between said 
phase comparator and said loop filter circuit; 20 
and 

a voltage-controlled oscillator (VCO) for 
varying the frequency of said synthesizer out- 
put signal in response to the output signal of 
said loop filter circuit, 25 

said analog switch being held in an ON 
state during a predetermined period of time in 
said idle time slot and said DDS circuitry and 
said fixed frequency divider being enabled dur- 
ing said predetermined period of time. 30 

2. A PLL synthesizer according to claim 1, 
wherein a phase-locked loop formed during 
said ON state of said analog switch, consti- 
tuted of said DDS circuitry, fixed frequency 35 
divider, phase comparator, loop filter circuit, 
analog switch and VCO, is adapted to com- 
plete pulling of said output signal of said VCO 

so that the synthesizer output signal attains an 
expected frequency within said predetermined 40 
period of time. 

3. A PLL synthesizer according to claim 2, 
. wherein said analog switch has a large output 

impedance when it is in an OFF state. 45 

4. A PLL synchteizer according to claim 3, 
wherein said VCO has a large input imped- 
ance. 

50 

5. A phase-locked loop (PLL) synthesizer for use 
in a time-division multiplexing (TDM) commu- 
nications system using TDM frames each of 
which includes at least an idle time slot, said 
synthesizer comprising: 55 

direct digital synthesizer (DDS) means for 
generating a reference frequency signal, said 
DDS means being enabled in response to a 
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control signal; 

voltage-controlled oscillator (VCO) means 
for generating an oscillation signal in accor- 
dance with a control voltage; 

phase comparator means for phase com- 
paring said reference frequency and oscillation 
signals to produce a phase error signal repre- 
sentative of a phase difference therebetween; 

filter means for filtering said phase error 
signal to produce a filtered voltage and sup- 
plying said filtered voltage to said VCO means 
as said control voltage; and 

switching means connected between said 
phase comparator and filter means for selec- 
tively passing said phase error signal to said 
filter means in response to said control signal, 
said control signal being applied to said DDS 
and switching means for a predetermined pe- 
riod of time within said idle time slot. 

6. A PLL synthesizer as claimed in claim 5, 
wherein said switching means comprises an 
analog switch. 

7. A PLL synthesizer as claimed in claim 5 or 6. 
further comprising fixed frequency divider 
means connected between said VCO and 
phase comparator means for frequency divid- 
ing said oscillation signal by a predetermined 
frequency division ratio. 

8. A PLL synthesizer as claimed in claim 5, 6, or 
7, wherein said DDS means comprises: 

register means for registering a frequency 
designation signal; 

adder means for adding the registered fre- 
quency designation signal and a latched signal 
to produce an added signal; 

latch means for latching said added signal 
in response to a clock signal to produce said 
latched signal, said latch means being reset in 
response to said control signal; 

waveform memory means for storing digi- 
tal waveform signals formed by sampling in 
specified bits at predetermined sampling inter- 
vals a sinusoidal signal having a predeter- 
mined amplitude and for producing digital out- 
put data in response to said latched signal; 

digital-to-analog converter means for con- 
verting said digital output data into an analog 
signal; and 

smoothing filter means for smoothing said 
analog signal to produce said reference fre- 
quency signal. 

9. A PLL synthesizer as claimed in claim 8, 
wherein said DDS means is comprised of com- 
plementary metal-oxide semiconductor 
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(CMOS) devices. 

10* A PLL synthesizer as claimed in claim 8 or 9, 
wherein said waveform memory means com- 
prises a read-only memory (MOS). 5 

11. A method of reducing power consumption on a 
phase-locked loop (PLL) synthesizer including 
direct digital synthesizer (DDS) circuitry, com- 
prising the steps of: io 

generating an oscillation signal in accor- 
dance with a control voltage; 

comparing the phases of said oscillation 
signal and the output of said DDS circuitry to 
produce an error signal; is 

filtering said phase error signal to produce 
and apply a filtered voltage to said generating 
step as said control voltage; 

disabling said DDS circuitry for a predeter- 
mined period of time within an idle time slot of 20 
a time-division multiplexing (TDM) frame; and 

inhibiting said phase error signal from 
reaching said filtering step for said predeter- 
mined period of time; 

25 

12. A method as claimed in claim 11, further com- 
prising the steps of: 

dividing the frequency of said oscillation 
signal by a predetermined division ratio with a 
frequency divider; and 30 

disabling said frequency divider for said 
predetermined period of time. 
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® Phase-locked loop synthesizer for use in TDM communications system. 



© An analog switch is provided in a phase-locked 
loop (PLL) synthesizer using direct digital synthe- 
sizer (DDS) circuitry, for opening a PLL. The PLL is 
closed to make operative the DDS circuitry and a 



fixed frequency divider within an idle time slot of 
each time-division multiplexing (TDM) frame. For the 
rest of the frame, the voltage-controlled oscillator 
within the PLL is held in a "hold state". 
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